Abstract
Introduction
An accurate dietary assessment is of major importance in research in order to make robust conclusions, and especially when the role of diet in the development of various diseases is examined [1] . Common practice in the majority of observational and clinical studies is to ask participants to report their dietary habits with the use of questionnaires or diaries [2] . During recent years several diet indices (i.e., modules or brief food frequency questionnaires [FFQs] ) have also been developed to measure diet quality according to the level of adherence to specific dietary patterns (e.g., Mediterranean Diet Scale, Mediterranean Diet Score, MedDietScore) or dietary guidelines suggested by various organizations (e.g., Healthy Eating Index, Diet Quality Index, etc.) [3] . These indices are developed using a small number of items (questions), usually between 9 and 15, and a variety of consumption responses [i.e., binary (yes/no) or multinomial (e.g., never/rarely/ monthly/weekly/daily)] [4] .
A major challenge that scientists face in nutrition assessment is the reliability of the dietary information retrieved by the various nutrition assessment tools (e.g., dietary recalls, food records, diet history, and FFQs) [5] [6] [7] . A crucial component of the reliability of the retrieved information is the repeatability of the nutrition assessment tool, i.e., the variation in consecutive measurements obtained by a tool from the same individual and under the same conditions. Good repeatability suggests that the tool has been Vassiliki Bountziouka, Eirini Bathrellou, Itziar Zazpe, Leyre Ezquer, Miguel-Angel Martínez-González, and Demosthenes B. Panagiotakos Vassiliki Bountziouka, Eirini Bathrellou, and Demosthenes B. Panagiotakos are affiliated with Harokopio University, Athens; Itziar Zazpe, Leyre Ezquer, and Miguel-Angel Martínez-González are affiliated with Navarra University, Navarra, Spain.
Please direct queries to the corresponding author: Demosthenes B. Panagiotakos, 46 Paleon Polemiston St., 166 74, Glyfada, Attica, Greece; e-mail: dbpanag@hua.gr. appropriately designed and does not allow random errors in the information collected. A methodological issue that may affect the level of repeatability of a nutrition assessment tool is the number of items (questions) included. Long FFQs capture more information regarding nutrient intake, but they may also be exhausting in face-to-face interviews, which has an impact in the repeatability, and hence, at least in part, the reliability of the information retrieved. In contrast, short FFQs may be administered easily and briefly, but they are lacking in nutrient information. Thus, the question regarding the optimal number of items used to develop an accurate and informative nutritional assessment tool is still open [8] . In addition, it remains unresolved whether the number of consumption responses used (the coding used to measure the frequency of consumption: e.g., "yes/no" or more detailed, "never/rarely/1-2 times per month/.../daily") may influence the level of repeatability of a tool [9, 10] .
The aim of this work was to evaluate to what extent the number of items included in a nutrition assessment tool (FFQ or diet index) and the number of consumption responses for each item influence the repeatability of the measurement. To test the research hypothesis, four tools were developed and were used in a sample of 400 subjects from Greece and Spain. Two of the tools had the same number of questions but different response classes (a diet index with 11 items and binary responses and a diet index with 11 items and 6-scale responses); the other two had different numbers of questions but the same response classes (a 36-item FFQ and a 76-item FFQ, both with 6-scale responses).
Methods

Participants
From March 2009 until February 2010, 400 participants (250 from Greece, mean age 37 ± 13 years, 34% males, and 150 from Spain, mean age 39 ± 17 years, 41% males) were enrolled in the study on a voluntary basis (participation rate, 85%). The participants were chosen from two countries to facilitate the generalization of the results to other populations as well. The sample size was considered adequate to achieve a statistical power of 99% for the evaluation of two-sided mean differences equal to 1.0 ± 0.5 times per week for the consumption of various foods with a 0.05 type 1 error based on the 76-item FFQ. The data were confidential, and the study followed the ethical guidelines of the World Medical Association (52nd WMA General Assembly, Edinburgh, Scotland, October 2000). The Ethics Committee of Harokopio University approved the design, procedures, and aims of the study (GA 23/14.05.2009). All participants were informed about the aims and purpose of the study and gave their consent.
Nutrition assessment tools
The participants were asked to complete a series of nutrition assessment tools through face-to-face interviews with trained dieticians twice, with 15 days between the two administrations of the tools. According to Streiner and Norman, this time interval can be considered the shortest time that a person cannot recall previous responses, and as such it was selected to avoid potential alterations in dietary intake (e.g., due to fasting) [11] .
The participants completed an 11-item diet index with binary coding for consumption responses (called here the Diet Index), an 11-item diet index with 6-scale coding for consumption responses (the MedDietScore; theoretical range, 0 to 55) [12] , a 36-item semiquantitative FFQ that had been previously validated [13] , and a 76-item semiquantitative FFQ that had been previously validated [13] (see the Appendix). The questionnaires that had been used for the Greek sample were literally translated into Spanish by a group of.nutritionists and linguists. The reference period for the collection of food data using all tools was the previous month. The Diet Index included 11 questions regarding the consumption of the following amounts of food as recommended by the Hellenic Ministry of Health and Welfare [14] (≥ 10 portions/week), vegetables (≥ 20 portions/week), pulses (1-3 portions/week), fish (2-4 portions/week), red meat and meat products (≤ 1 portion/week), poultry (1-2 portions/week), full-fat dairy (6-8 portions/ week), daily use of olive oil, and alcoholic drinks (1-2 glasses/day). A score of 1 was given if consumption was according to the recommendations, otherwise a score of 0 was given (possible range of total score, 0 to 11). In order to test the hypothesis that the number of response categories is related to the repeatability of the tool, if the number of items is the same, the MedDietScore included the same 11 questions as the Diet Index with a wider range of possible responses in each question. Higher values of this diet score indicate greater adherence to the Mediterranean diet, whereas the MedDietScore has also been previously validated. Details regarding the scoring system of the MedDietScore can be found elsewhere [12] . All diet indices aimed to evaluate adherence to the Mediterranean diet [15] .
In the 36-item FFQ, "dairy" products included fullfat and low-fat milk and yogurt, all kinds of cheese, and eggs. The "starchy" food group included bread and rusks (dry biscuits); breakfast cereals; rice, pasta, and other kinds of cereals; bakery products; homemade and ready-to-eat pies; and potatoes. "Meat" included beef, pork, chicken, lamb, and meat products. Questions on fish and seafood consumption were also included. Foods of plant origin included pulses, all kinds of vegetables as salads and main dishes, fresh and dried fruit, and nuts. The "sweet" group included chocolate and biscuits; Greek sweets made in tray (e.g., baklavas, kataifi); and ice cream, cream, and rice pudding. "Beverages" included all kinds of alcoholic drinks, sodas, fruit juice, coffee, and tea. The 76-item FFQ included the aforementioned categories and other food items in more detail. More information about the FFQ used may be found elsewhere [13] . Both FFQs had 6-scale response categories (1, rarely/never; 2, 1-3 times/month; 3, 1-2 times/week; 4, 3-6 times/week; 5, 1 time/day; 6, ≥ 2 times/day). The MedDietScore was also indirectly calculated from the 76-item FFQ to test the agreement between the direct and indirect estimates of a diet index.
Other measurements
Information was also collected regarding basic demographic characteristics, such as age, sex, educational status according to years of schooling, current smoking status (yes/no), as well as a short medical history (hypertension, dyslipidemia, diabetes, cardiovascular disease, renal failure, and cancer). In addition, the participants' height (in meters) and weight (in kilograms) was recorded. These factors were taken into account in performing subgroup (sensitivity) analyses to further evaluate the research hypothesis.
Statistical analysis
The method suggested by Bland and Altman was used to assess the repeatability between the two administrations of the dietary tools (FFQs and indices). In particular, dietary information was transformed into daily intake. Then, the difference and the average of the daily intake between the two administrations of the same tool were calculated [16] . The Spearman correlation coefficient (Spearman's rho) between the difference and the average in daily intake for each item was calculated to assess potential bias between the rankings of the difference and the average. According to this method, the narrower the limits of agreement (i.e., mean (difference) ± 1.96*SD (difference) ) the better the repeatability, while the correlation coefficient should be close to zero, indicating lack of bias between the test-retest assessment tool. In addition, the degree of repeatability of the nutrition assessment tools (i.e., the 36-and 76-item FFQs and the dietary indices as well) was evaluated by the Spearman-Brown coefficient (r sb ) (values close to + indicate good repeatability between the two administrations) and Kendall's tau b coefficient, which used case-by-case data (values close to +1 indicate good agreement between the two administrations). Comparisons between the repeatability coefficients were made by the Fisher transformation and the Z-test. The normality of data distribution was tested by P-P plots, and group comparisons were performed with the paired Student's t-test. Descriptive characteristics of the participants are presented as means ± SD and absolute (n) and relative (%) frequencies. 
Results
The characteristics of the participants are presented in table 1. In general, all diet indices and FFQs showed very good repeatability, as all coefficients were higher than 0.80. The highest repeatability coefficient was observed for the 11-item index with binary responses, followed by the 11-item index with 6-scale responses, the 36-item FFQ, and the 76-item FFQ (table 2). In addition, the mean total scores for each diet index were similar between two administrations of the same tool, regarding the nutritional meaning of these mean score values. (Diet Index, 5.06 ± 1.78 vs. 5.69 ± 1.83, p =.10; MedDietScore, 24.7 ± 4.41 vs. 24.9 ± 4.57, p = .03), also suggesting good repeatability. The Kendall tau coefficients were high (> 0.50), confirming the aforementioned results. In particular, the Kendall tau coefficient ranged from 0.71 for potatoes to 0.89 for pulses, with respect to the Diet Index; from 0.38 for potatoes to 0.86 for red meat, with respect to the MedDietScore; from 0.68 for rice or pasta to 0.90 for coffee, with respect to the 36-item FFQ; and from 0.40 for starchy vegetables (petit pois, green beans, okra, artichoke) to 0.74 for cereals and coffee, with respect to the 76-item FFQ ( fig. 1) . The Bland-Altman method showed close to zero mean differences between the test-retest administrations (suggesting lack of bias) and relatively narrow limits of agreement in all tools tested Repeatability of nutritional assessment tools (table 2) . However, statistical comparisons revealed that the 11-item index with binary responses, the 11-item index with 6-scale responses, and the 36-item FFQ had significantly higher repeatability coefficients than the 76-item FFQ (p < .002), whereas no significant differences between the repeatability coefficients of the two 11-item indices and the 36-item FFQ were observed (p > .23), indicating that as the number of food items increased, the repeatability of the tool tended to decrease. At this point, it should be noted that the differences in absolute values are meaningless in terms of nutritional information. The MedDietScore was indirectly calculated afterwards through the 76-item FFQ in order to test its repeatability when calculated through this procedure (which is common in research). Whether calculated indirectly or directly, the MedDietScore was found repeatable (27.7 ± 3.37 vs. 27.5 ± 3.72, p = .32; 24.7 ± 4.41 vs. 24.9 ± 4.57, p = .03, respectively); however, the repeatability coefficient was higher for the directly calculated than for the indirectly calculated MedDietScore (p < .001). Moreover, the total value of the indirectly calculated MedDietScore was higher than that of the MedDietScore directly calculated from the participants in each administration of the tool (both p values < .001), which may not reflect true adherence to the guidelines of this specific pattern.
Subgroup analyses
Subgroup analyses according to sex, educational status, smoking habits, and medical history were performed to evaluate the repeatability of the dietary indices (table 3). All three diet indices were repeatable in the majority of the subgroups tested. However, lack of repeatability was noted for the 11-item index with binary responses among participants who had at least one clinical factor in their medical history and for the 11-item index with 6-scale responses among women and smokers. Despite the significance of the aforementioned results, it should be noted that the observed mean differences between the test and retest administrations were meaningless in terms of nutritional information. For example, the difference of 0.6 units in the two administrations of the MedDietScore (the 11-item index with 6-scale responses) to women, although statistically significant, does not indicate differences in mean frequent consumption of food groups that were considered for the calculation of the MedDietScore. Finally, no differences in repeatability were observed between the Spanish and the Greek groups (data not shown).
Discussion
In this methodological work, it was revealed that the level of repeatability of food frequency assessment tools, a crucial part of their reliability, is not influenced by the number of food items included in the tool nor by the number of consumption responses used fοr each food item. From a statistical point of view, the lowest repeatability level was observed for the more detailed FFQ (i.e., the one with 76 items), and as the number of food items increased, the repeatability of the tool tended to decrease, but the difference between the coefficients, although significant, was of limited nutritional interest. It is also important to note that all dietary tools used here have been previously validated. Sensitivity analyses confirmed these results in almost all subgroups tested; however, special attention should be given to accurately collecting information on the sex, educational status, smoking habits, and medical history of the responders. The present findings may be of major importance for both research and public health, since investigators and clinicians may use comprehensive FFQs or diet indices with a varying number of consumption responses in order to retrieve consistent information. The use of two samples from different cultures, Greek and Spanish, enhances the importance of the results. Nevertheless, to the best of our knowledge, information regarding the repeatability of a nutritional assessment tool and its relation to the length and depth of the tool used is lacking; thus, further validation studies in other cultures are required to confirm or refute this finding. The level of repeatability of the dietary assessment tools used in this work was very good, as all the statistical criteria applied had high values. In general, the level of repeatability observed in other similar studies varied between 0.6 and 0.9 [2] ; however, direct comparisons are hard to make because of the different statistical criteria used. An important issue that was particularly tested here was the repeatability of FFQs and diet indices, in terms of the number of response categories used for each food component, as well as the method of calculating the index (direct or indirect through a FFQ). The latter research question is of importance, because although the use of FFQs is a common practice in nutritional epidemiology, during recent years several composite diet indices have also been developed to monitor a population's adherence to dietary guidelines, as well as screening tools regarding the quality of diet [10, 17] . The use of composite indices not only is attractive due to their practical use, but also is mandatory in order to address inferential problems encountered in data analysis that are mainly caused by the synergistic effects between several inherent characteristics of the diet, which express different dimensions of an attribute (e.g., increased meat and reduced fruit and vegetable consumption) [18, 19] . However, a number of methodological issues have been raised regarding the development of a composite index (e.g., dietary score) [18] . For example, the number of response categories that should be used has not been fully understood and clarified. It has been suggested that in terms of consistency and stability of the responses over short periods, a dichotomous (yes/no) index may lead to more robust, repeatable results, and thus, its use tends to be preferable, whereas others have suggested that large-scale partitioning may lead to more sensitive indices, in terms of health outcomes [19, 20, 21] . The present findings show that the level of repeatability of indices was similar, irrespective of the number of responses used to evaluate frequency of consumption. The diet index with the binary responses showed slightly higher repeatability than the directly and indirectly calculated 6-scale MedDietScore (table 2) . Therefore, health practitioners can use more detailed responses than a simple "yes/no" scale in the development of an index, without losses in the accuracy of the information retrieved (as shown here), but gaining in diagnostic accuracy, as recently reported [19] . In line with the present findings is another study in elderly Australians where the 15-item FFQ was comparable to the 35-item FFQ in terms of repeatability; the authors concluded that "the short-item FFQ was the preferred tool to use in clinical and research settings, especially for older people, as it requires less time and effort to complete" [22] .
Diet indices can be also calculated indirectly through a FFQ that has previously been administrated. In fact, this approach is often used, since researchers usually apply a FFQ and then calculate the index using the information retrieved through the questionnaire. As far as these two approaches for calculating a diet index (i.e., directly and indirectly) are concerned, the present results suggest that the repeatability coefficients were higher for the directly calculated MedDietScore (table 2). Although the difference in the coefficients was small (0.943 vs. 0.870), this may suggest that a direct calculation seems preferable to achieve repeatability. Moreover, differences in participants' scores showed lack of bias for the test-retest administration, suggesting that the repeatability of the diet indices was achieved for those who scored low as well for those who scored higher values. However, it should be emphasized that the indirectly calculated MedDietScore was higher than the directly calculated score (table 3), a fact that may lead to the conclusion that the calculation of a diet quality index through a FFQ may result in an overestimation of the quality of the diet (if there is a respective index designed for evaluating the quality of the diet). An explanation for this could be the suggestion by other researchers that longer FFQs may overestimate consumption of foods, especially fruits and vegetables [23] .
Limitations
The participants in this study came from only two countries, Spain and Greece, and therefore cultural and behavioral differences that may occur in other parts of the world were not considered in this work. Thus, generalization of the findings to other populations should be made with caution. In addition, although all the dietary tools were found to be repeatable, their validity was not tested. With regard to the tools used to evaluate the research hypothesis, the lack of a much longer FFQ (e.g., 150 items) limits the observed inverse trend (i.e., the repeatability decreases with the increase of the number of items considered in a tool) between repeatability level and number of items included in the nutrition assessment tool. Finally, although specific attention was paid to the time interval between the two administrations to avoid correlated errors, the results should be also confirmed with a longer lapse time.
Conclusions
In this work, the repeatability of various nutritional assessment tools was evaluated in relation to the number of items and the number of consumption responses used. The data analysis revealed that the level of repeatability was irrespective of the number of items and consumption responses used in the development of a FFQ or an index. Nevertheless, it should be also mentioned that the highest repeatability coefficients were noticed for short questionnaires. Thus, investigators should decide whether they need to capture all the required nutritional information regarding dietary habits or to assess overall dietary habits and, therefore, use long or short questionnaires, respectively, without endangering the consistency of the information retrieved. Understanding the purpose of the assessment will ensure that the appropriate method of evaluation will be used. 
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